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AIM: To study the effects of losartan and captopril
on B-myosin heavy chain (MHC), and o«-MHC gene
expression. METHODS: Pressure overload was
produced by abdominal sortic coarctation (AAC) in
rats. aq-and B-MHC mRNA were measured by
Northern blot. RESULTS: In left ventricular
myccardium of sham-operated rats , the o-MHC
mRNA predominated, while the p-MHC mRNA
was only detectable. In response AAC, there was 2
70-fold increase in the 3 MHC mRNA {P<0.01),
while - MHC mRNA reduced to 26% (P<0.01).
Losartan (3 mgkg™'+d"?, ig for 11 d) tw AAC
rats caused inhibitions of B-MHC by 96 % and «-
MHC by 86 % gene expression without lowering
blood pressure. A reduction in B-MHC mRNA was
also seen in captopril-treated rats (30 mg* kg™!
'd”!, ig for 11 d}, but the inhibitory effect of
captopril on ¢-MHC mRNA was less than that of
losartan (44 % ws 86 %, P<0.05). CONCLU-
SION: The shift of MHC isoform induced by
pressure overload is due to up-regulation of B-MHC
and down-regulation of «-MHC gene expression.
Inhibition of B-MHC gene expression by losartan is
achieved primarily by direct blockade of angioctensin
II type I receptors in the myocardium, independent
on hemodynamics.

Myosin heavy chain { MHC), belongs to a
multigene family which exists at least 2 isoforms in
and B-MHC. The

encoded by these genes associate in pairs with

myocardium, - proteins

identical light chains to form 3 myosin iscenzymes

! Project supported by the Science Foundation of 1the Ministry of Public
Health of China, Mo 94-1-122.

* Correspondence 10 Prof GUQ Zhaov-Gui.

Received 1995-11-20 Accepred 1996-09-14

Their relative propor-
[1,2]

V (aa), Vo(aB}, and V3(£3).
tion V,/V; is decisive for ATPase activity

In response to pressure overload, myocardium
exhibits a complex molecular changes, which are
not only a guantitative phenomenon that results in
an increase in1 heart mass, but more importantly, in
qualitative changes in its essential constituents. It
was characterized by selective re-expression of a
such as B-MHC, a-
But the factors and mechanisms involved

fetal/neonatal phenotype,
actin(®).
in these complex alterations in cardiac MHC gene
expression were still unknown. there was a
significant shift of V| to V; during the development
of cardiac hypertrophy in renovascular hvpertensive

(4]

rat heart Losartan, an angiotensin 11 selective

receptor antagonist and captopril, an angictensin-
reversed  heart
hypertrophy and normalized V,/V;, concomitant

converting enzyme inhibitor,

with a lowering of blood pressure. However, it is
uncertain whether the shift of cardiac myosin
isoenzymes during heart hypertrophy was associated

. with inirinsic factors or hemodynamic load. This

study investigated whether renin-angictensin system
(RAS) was involved in the modulation of MHC
gene expression during cardiac hypertrophy, which
subtype of angiotensin receptors contributed o this
action, and whether the effects of losartan and
captopril on MHC gene expression were carried on
through hemodynamic mechanism.

MATERIALS AND METHODS

Abdominal sorta coarctation [ AAC)  Wistar T rats
{(m=60), 6 -8 wk old and weighing 158 % 5 18 g, were
L ip
A blunted 22-gauge needle was placed adjacent to

operated under sodium pentobarbital 40 mg - kg~
anesthesia.
the abdominal aorta proximal 1o the renal bilurcations just,
and a hgature was made. The blunt needle was then
withdrawn.

Rats were divided inw 4 groups. @ AAC rats were
given ig Josartan 3 mg-kg 1-d"'; @ AAC rais were given ig
captopril 30 mg-hkg ' bid; D AAC rats were given water ig
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once a day; @ sham-opersted rats were given warer ig. All
treatments were iniviated on the d 2 after cperation, and
continued for 11 d. Tail-cuff
monitored'?!, and carotid arterial blood pressure was measured

blood pressure was

on3, 7, and 12 d afcer surgery using a pressure transducer
coupled to a polygraph recorder ( Nihon Kohden, Japan).
Finally the right ventricular {ree wall was separated. Left
ventricular {including interventdcular septum ) samples were
blotted dry. frozen in liquid nitrogen, and subjected to MHC
messenger RNA analysis. T

RNA isolation  Total RNA was isolated [rom left
ventricular tissue'™ .

Northern blot hybridization The RNA 30 pg per lane
was denatured with 50 % formamides17.5 % f{ormaldelyde,
and electrophoresed on 1 % {vol/wt) agarose-formaldehyde
gel, and transferred to Genescreen membrane { DuPont ).
The membrane was prehybridized in a solution containing
30 % formamide, 35X Denhardt’s solution, 53X SSPE
{containing NaCl 0.75 mol-L. ™, sodium phosphate 50 mmol
«L7', edetic acid § mmot+L™'), 0.5 % sodium dodecyl
sulfate {SDS), and denatured salmon sperm DINA 30 mg-L ™!
it 42 T for 2 h. Hybridization was carried out in a
wbridization oven { Cambridge. USA ) with radiolabeled
pecific [ P )-cligonuclectide probe at 42 T ovemnight.
Following hybridization, the filter was washed in 2 x 3SPE/

.1 % SDS for 10 min at room temperature, and then in
. #EEPE/0.5 % SDS at 58 T for 5 min. The filter was
. .posed to Kodak Omit X-ray film ar -70 T between 2
inensifier screens. Hybridization signals {or each of the blot
were quantified by densitomerry (CS-930, Japan). All blots
were normalized to the signal obtained with an oligonucleotide
probe specilic for the 183 ribosomal RNA.

All dligonucleotide probes were synthesized and purified
by the Department of Biochemistry, University of Cincinnati,
USA. The MHC digonucleotide probes were 24 base

fragments specific for unigue regions in the untranslated
regions of the rat -MHC and g-MHC genest® | which were
constructed with the following sequence: 5° CAA CGG CGA
GGC TCT TTC TGC TGG 3’5 §° CTC CAG GTC TCA
GGG CTT CAC AGG ¥, respectively. The sequence of 183
sRNA was 5 ACG GTA TCT GAT CGT CTT CGA ACC
3', used as an internal control to normalize all data.
Statistical analysis
Differences between groups were evatuated by one-way ANOVA .

Results are expressed as ¥ * 5.

RESULTS

In AAC rats, systolic blood
pressure was elevated beginning 3 d after operation.

Hemodynamics

Coarctation of the abdominal aorta resulted in a
significant difference in systolic blood pressure
between the carotid and coceygeal arteries. The
coccygeal systolic arterial pressure was about 20
—30 % lower than that of carotid blood pressure in
AAC rats (21.2+£0.7 vs 24.4+1.0 kPa, P<
0.05).
slightly lowered tail artery systolic pressure, but had

Both losartan and captopril treatment

no effect on carotid blood pressure (Tab 1).

Heart hypertrophy The left ventricular
weight ( LVW )/body weight (BW ) ratio was
determined after 12 d of AAC. Pressure overload
LVW was
increased by 45 %, and resulted in an increased
LVW/BW. Treatment with losartan and captopril
prevented the increase in the cardiac mass by
58.3 % and 62.5 %, respectively. The LVW/
BW in losartan and captopril treated rats were lower
than that of ACC rats, but still higher s sham rats

induced an increase of cardiac mass.

Tab 1. Effect of losartan ig 3 mg-kg™!-d™', and captopril ig 30 mg-kg~'-d"!, for 11 d on arterial systolic blood pressare
and cardiac mass. #=3-5, ¥ts, *P>0.05, "P<0.05, “P<6.01 vs Sham group. "P>0.05, *P<0.05 vs AAC.

Sham AAC Los Cap

Carotid arteral pressure/kPa

3d 16.3+0.8 24.3+1.0° 24.4 20,9 24.0+1.7%
74 15.7+£1.6 26.5+1.6° 25942, 79 26.1+1.54
12d 15.6+1.3 26.7+1.5° 25.6+2. 7 25.3+ 1.5
Coccygeal artenial pressure/kPa

3d 16.7+1.3 21.2+0.7* 17.320.7= 17,542 3"
74 16.012.0 21.6+1.0° 20.7+1.7% 20,741, 7
124 16.021.7 21.3x2.1° 21.6+1.2% 21.3+1.2%
BW./g 150+ 19 154+ 23 148 +23 152420
LVW/g 0.51£0.06 0.75£0.11° 0.61 £0.08% 0.60 +0.09"
LVW/BW, mg-kg ™! 3.38+0.17 4,.86+0.18° 4,120,100 3.0210.23%

AAC: abdominal aorts coarctated rats; BW: rat body weight; Cap: captopril-treated rats;
Los: losartan-treated rats; LYW left ventricular weight; Sham: sham-operated rats,
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{Tab I).

Expression of MHC gene The 185 rRNA as
an invariant {raction of total cellular RNA was used
to normalize MHC mRNA levels between samples
and berween groups. In sham-operated rars, the o
MHC mRNA predominated, while the 2-MHC
mRENA level was only detectable. In response to
pressure overload, there was a 70-fold increase in 3-
MHC mRMA, but « MHC mRNA only reduced to
26 % of sham-operated rats and resulting in a
marked shift of o-MHC to B-MHC on 12 d after
operation. Administration of sub-hypotensive dose
of losartan to AAC rats caused an inhibition of -
MHC by 96 % and «-MHC by 86 % gene expres-
sion. A similar reduction in 3-MHC mRNA was
seen in sub-hypotensive dose of captopril treated

) - @ - &-MHC mRNA (7.2 kb)
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.‘ o o g WP - o-MHC mRNA (7.2 kb)
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Fig 1.

rats, Lutits inhiheory efl o o w-MHC mBNA was
less 1than that of losartan {44 % o4 86 %, P <
0.05) (Fig 1).

DISCUSSION

Our previously study showed that the left
hypertrophy  induced by
overload in mammalian heart is accompanied by a
shift in the myosin from V,(ae) to V3{ﬁB}“] , and
the blockade of RAS with ACEI captopril and AT,
receptor antagonist losartan reversed these changes
with lowering blood pressure. In this study, the
role of RAS and its blockers at a sub-hypotensive
dose in regulation MHC gene expression during the

ventricular pressure

development and regression of cardiac hypertrophy
in pressure overloaded rats was first demonstrated.
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Autoradiography (left) and bar graph (right! showing -MHC {A) and a-MHC (B) mRNA levels in the sham. AAC,

losartan (Los, 3 mg-kg™'+d™') and captopril {Cap 30 mg-kg '-d” ') treated rats. Valves are £ % 5 for 3 to 4 samples per
group. The P~ or - MHC mENA values of the sham groap was arbitrarily set at 1.0 and the remailaing gronp were adjusted
corespontdingly. “P<0.01 vs Sham. “P<0.05, "P<0.01 vs AAC; "P<0.05 5 Cap.
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Results showed that the shift of V; 1o V3 occurred
during heart hypertrophy in pressure overloaded rat
hearts was mainly due to B-MHC gene expression
up-regulation, mhibited 3-MHC
over-expression without alteration of blood pressure

Losartan gene
in AAC rats. suggested that the transcriptional
activation of the B-MHC was conducted by
hemodynamic independent mechanism. and not due
to elevated wall stress and stretch alone.

The response between a-MHC and 3-MHC gene
expression during blockade of RAS with losartan and
captopril in pressure overload rat is different. The
fact that a selective tnhibition in 3-MHC transcript
level without reciprocal increase in a-MHC mRNA
levels, suggested that the putative pressure overload
signals differ in their effects on these two genes.
AAC in rats produced an extra mechanical load is
often accompanied by the increase in catecholamine,
Ang I1. and endothelin, which may play additional
(6-8) " 1t had
been shown that B-MHC gene expression was
associated with activation of PKC in cultured
myocytes'®? Morano et af (10) Jemonstrated that
the decreased a-MHC expression upon hypertension

role in regulating the MHC expression

induced heart hypertrophy could be mediared via
decrease of adenylate cyclase activity and thus
Combin-
ing to the present dafa, it most likely implied that
the induction of B-MHC gene was associated with
PKC activation, regulated by RAS via Ang II
binding to ATy receptors, and modulation of «-MHC
with  cAMP

accumulation, linked to hemodynamic stress and

decreased intracellular cAMP production.

gene  appeared 1o associate

other factors. Further experiments are undertaken

to elucidate their underlying mechanism.
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